:U:;: 



!-:h 



U;.4— ^- 



mnm^ 



4-^^- 






: i: I 












■r:f MOE 

LAK 
S 

MER 
ANNK 



■rrtr 



■•.1 
4i. 



C. 1 

a ad 






u-t 



iiii 



•..-fcj. 



•;.i; 



•3!- 









:n-;!;:.:..;,,.:.i..;:r-., 






,iir-'"" 



t ■•■ 









:;:'i; 



I ... 



! :;'-I' 






.: -I- 



, 






ONTARfO 






'.^i;.; 






■m 

-\:.:^' 






: .r .:• 



- ■ ' - fr- ^-- - - - 







Mercury in Aquatic Ma. n )[ ihytes 



Lake St. Clair 
1972 



!i;" 



m 



TTtf Tirf 






■mm 






;:i-:r 



;i;f;n^ 









-fir 






;1:jii 



:: .1 



, . : : 1 



:::;) 



...;'; 



-t-r-T 



I . — 

r ;: 
I — - 



I.;;: 

it: 



I::.; 



.!„:.. 






-•:^--]i- 



:|:::.i:: 



liBN; 



ii 



t^r-r 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown copyright 
(unless otherwise indicated), which is held by the Queen's Printer for Ontario. It 
may be reproduced for non-commercial purposes if credit is given and Crown 
copyright is acknowledged. 

It may not be reproduced, in all or in part, for any commercial purpose except 
under a licence from the Queen's Printer for Ontario. 

For information on reproducing Government of Ontario works, please contact 
ServiceOntario Publications at co pyright@ontaiiQ-ca 



'• — I r- ' - I— - 





w \ 


■1 








-i-.' 


, 


\ 


^- ■ - 






f>- 


■ 'k'--' 






■• 




■ 1 








«MtMk 





MERCURY IN AQUATIC MACROPHYTES 



MITCHELL BAY, LAKE ST. CLAIR - 1972 



.;• .,. 



/ 



by 
K. Suns 
Biology Section 
Water Quality Branch 
Ministry of the Environment 



1 tr 



OnnK 



TABLE OF CONTENTS 



SUMMARY , 



INTRODUCTION. 



DESCRIPTION OF STUDY AREA, 



PHYSICAL PARAMETERS. 



METHODS, 



RESULTS AND DISCUSSIONS. 



REFERENCES, 



Page No , 



1. 



SUMMARY 



During the month of August, 1972, samples of 
rooted aquatic plants and lake sediments were obtained 
from Mitchell Bay, Lake St. Clair, and were subsequently 
analyzed for mercury content to determine the quantity 
of mercury associated with the plant community and the 
relationship between the amount of mercury contained 
in the sediments and that contained in plant material. 

The study demonstrated that plant harvesting 
does not constitute a realistic method of mercury removal 
in the Mitchell Bay area, mainly because the quantity of 
mercury associated with the plant material represents a 
very small portion of total mercury deposits found in 
the lake sediments. 

Mercury deposition in the sediment showed consider- 
able variation with location, despite the generally 
homogeneous sediment structure in the study area. A 
detailed study of current patterns and wave action would 
have to be undertaken in order to clarify deposition 
patterns , 

With the exception of Anacharis canadensis , a 
poor correlation was found between mercury in the lake 
sediment and concentrations found in vegetative material. 



INTRODUCTION 



Following the recent discovery that extensive 
sections of the St. Clair system and Western Basin of 
Lake Erie have become contaminated with mercury from 
industrial sources, considerable emphasis has been 
placed on possible methods of reclamation, particularly 
with regard to deactivating or removing mercury - 
contaminated sediments. 

A recent laboratory study by Dollar et al (1971) 
has demonstrated rapid mobilization of mercury from 
nutrient solutions and sediments with subsequent 
incorporation within, or adsorbtion onto, plant material. 
Varying levels of deposition were observed, depending 
on the concentrations and characteristics of the Hg 
carriers. The rapid uptake and resulting high concen- 
trations of mercury in Myriophyllum spicatum demonstrated 
rooted aquatic plants to be an important link in the 
uptake and cycling of mercury derived from contaminated 
sediments. These results also suggested to the researchers 
that proper harvesting methods may yield appreciable 
quantities of mercury from contaminated systems. 

In order to evaluate the feasibility of mercury 
removal by mechanical plant harvesting, quantitative 
surveys of plant densities and mercury levels in rooted 
aquatics were undertaken in Mitchell Bay, Lake St. Clair. 



3. 

DESCRIPTION OF STUDY AREA 

The survey was limited to a square mile area in 
Mitchell Bay, known as Cul de Sac, east and north of 
Fisherman's Island. 

The total study area approximated 260 hectares. 

The sampling sites were numbered from M1-M20, and 
with the exception of M17, M18, M19 and M20, all were 
located on four transects radiating from the northern tip 
of Fisherman's Island. For further details the map in the 
Appendix should be consulted. 

Physical Parameters 

All sampling stations exhibited rather uniform 
water depths ranging from 1.8 - 2.1 meters. 

Although water clarity was generally excellent 
throughout the study area, somewhat more turbid conditions 
were observed at stations M5, M6 , M7 and MB. The water 
quality at these stations was closely linked with the 
periodic conditions in the Chanel Ecarte delta area where 
increased turbidity is common during periods of extended 
rainfall. 

Perhaps as a direct result of the frequent silt 
discharges from Chanel Ecarte, elevated mercury levels 
were found in the lake sediments at these stations. 

With the exception of sites M5, M6 , M7 and M8 , 
water temperatures remained quite constant throughout the 
study period, ranging from 24° - 26°C. Owing to their 
proximity to Chanel Ecarte somewhat lower readings were 
obtained at stations M5 , M6 , M7, MB (Table 2). 

' The sediment samples were found to be highly organic, 
except at station Mil, where calcareous materials dominated. 



METHODS 



All plants and lake sediments were obtained manually 
while diving. A 1-metre square weighted quadrat frame was 
used to delineate the area for plant removal and all plant 
material above the sediment/water interface was harvested. 
A single quadrat per station was sampled. 

To remove excess water, plants were subjected to 
vigorous shaking followed by periods of air-drying before 
total biomass was determined by weighing. The wet/dry weight 
relationships were obtained following forced-air drying of known 
quantities of the three dominant species: Myriophyllum spp. , 
Anacharis canadensis and Potamogeton spp., constituting 91% 
of the total biomass removed. 

In preparation for mercury analysis the plants were 
dried in a forced -air oven at 80°C, then total mercury levels 
were determined by atomic absorption spectrometry after nitric 
and sulphuric acid digestion at 270°C. 



RESULTS AND DISCUSSION 

In order to obtain the maximum seasonal biomass, sampling 
periods were chosen to coincide with the flowering time of most 
plant species. The dominant species were: Myriophyllum spp., 
contributing 67% to total standing biomass, followed by 
Anacharis canadensis with 17% and Potamogeton spp. with 7% 
(Table 3) . 

The mean standing plant biomass was found to be 1,834 
grams wet, or 219 grams dry weight per square meter. These 
plant densities would yield approximately 18,340 kilograms of 
fresh, or 2,190 kilograms of dry plant material per hectare* 
(Tables 3 and 4) . 
* 1 Hectare = 2.471 acres. 



5. 



Spectrometric analysis by species revealed mercury 
concentrations ranging from non-detectable to 0.41 ppm on a 
dry weight basis. The weighted mean for all stations and 
all species was calculated to be 0.09 ppsn (Table 5). Further 
calculations utilizing the mean standing biomass and associated 
mercury levels indicated that harvesting of a hectare would 
yield 0.20 grams of mercury, either incorporated or adsorbed 
to the plant body. 

Assuming that mercury concentrations were uniformly 
distributed throughout the upper 10 centimetres of the sediment 
layer, total mercury available for methylation would approximate 
2,3 00 grams per hectare. To qualify availability for methylation 
and turnover of mercury, reference was made to experimental data 
published by Jernelov (1970) . 

The results of the field study seem to suggest that 
mechanical plant harvesting does not constitute a realistic 
method of reclamation in the mercury-contaminated Mitchell Bay 
area. 

Although the experimental results obtained by Dollar 
seemed to hold promise for plant harvesting, wide discrepancies 
in mercury concentrations have made meaningful comparisons with 
this field study impossible. While the earlier study utilized 
mercury-contaminated sediments ranging from 46,00 - 460.00 ppm, 
Mitchell Bay concentrations ranged from non-detectable levels 
to 4.70 ppm only. 

Furthermore, Dollar's work suggested that the most 
significant role in mercury uptake from sediments was played 
by organic forms of mercury. This was effectively demonstrated 
using phenylmercuric chloride, where sediment concentrations 
of 460,00 ppm produced mercury deposition as high as 219.00 ppm 
in the plant tissue. In comparison, all six sediment samples 
analyzed from Mitchell Bay were found to contain less than 
0.20 ppb of organic mercury. 



Experimental data obtained by Hannerz (1968) suggest 
that adsorbtion on the plant body is the most significant 
factor in mercury deposition in contaminated systems. 
Consequently, plant structure and surface area available for 
adsorbtion is deemed to have a greater influence on mercury 
concentrations than contaminant variability in lake sediments, 

A statistical analysis was attempted to correlate 
mercury concentrations in Mitchell Bay sediment with levels 
found in vegetative material. Of the five species analyzed 
only Anacharis canadensis exhibited a significant positive 
correlation at the 95% confidence levels. 
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APPENDIX 



Fig. 1 Map of study area Mitchell Bay 




TABLE 2: Physical Parameters of Sampling Area, Mitchell Bay, 1972 
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TABLE 3: Standing Biomass of Aquatic Macrophytes, Mitchell Bay, 1972 

(All values in grams per square metre) 
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